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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
producing a whisker film (zinc oxide needle crystal) growing 
in the vertical direction on a substrate, and to provide a 
photoelectric conversion device using the zinc oxide needle 
crystal film as an electrode. (a) 
SOLUTION: The substrate, which is a zinc plate or on 
whose surface a zinc film is formed, is heat-treated under 
an oxidizing atmosphere gas to grow the zinc oxide needle 
crystal on the surface of the substrate, thus producing the 
zinc oxide needle crystal. Moreover, this zinc oxide needle 
crystal is used as an n-type charge transporting layer for 
the photoelectric conversion device. 




41 *&feSAMHB& 




http://wwwl9.ipdl.inpit.go.jp/PA 1 /result/detail/main/wAAAzrai5EDA4 1 532 1 299P 1 .htm 05/1 5/2009 



JP,2003-321299,A [CLAIMS] 



Page 1 of 2 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]Zinc oxide needle crystals grown-up on a base in which a zinc film was formed in a zinc 
plate or the surface. 

[Claim 2]The zinc oxide needle crystals according to claim 1 where not less than 70% of axes [ not 
less than 60 degrees of ] of said zinc oxide needle crystals stand to a base. 
[Claim 3]The zinc oxide needle crystals according to claim 1 to 2 in which a diameter is 
characterized by not less than 5-nm 1 micrometer or less and an aspect ratio being ten or more as 
for said zinc oxide needle crystals. 

[Claim 4]The zinc oxide needle crystals according to claim 1 to 3 having a conductive layer between 
said base and said zinc oxide needle crystals. 

[Claim 5]The zinc oxide needle crystals according to claim 4, wherein said conductive layer is a 
transparent electrode. 

[Claim 6]In a manufacturing method which grows up zinc oxide needle crystals on a base, and 
manufactures zinc oxide needle crystals, A manufacturing method of zinc oxide needle crystals, 
wherein said base grows up zinc oxide needle crystals into said base surface by forming a zinc film 
in zinc or a base surface, and heat-treating said base under oxidizing atmosphere gas. 
[Claim 7]A manufacturing method of the zinc oxide needle crystals according to claim 6 
characterized by including oxygen in said controlled atmosphere with a partial pressure of 0.01 Pa or 
more and 10000 Pa or less in a controlled atmosphere which oxidizes said zinc plate or said zinc 
film. 

[Claim 8]A manufacturing method of the zinc oxide needle crystals according to claim 7, wherein the 
ranges of said oxygen tension are not less than 10 Pa and 1000 Pa or less. 
[Claim 9]A manufacturing method of the zinc oxide needle crystals according to claim 6 to 8, 
wherein heat treatment temperature of said zinc plate or said zinc film is not less than 400 ** and 
800 ** or less. 

[Claim 10]A manufacturing method of the zinc oxide needle crystals according to claim 6 to 9, 
wherein heat treatment temperature of said zinc plate or said zinc film is not less than 450 ** and 
600 ** or less. 

[Claim 11]A manufacturing method of the zinc oxide needle crystals according to claim 6 to 10, 
wherein said zinc film is formed on said base by plating. 

[Claim 12]A manufacturing method of the zinc oxide needle crystals according to claim 6 to 11, 
wherein said zinc film includes a projection of zinc with a diameter of 100 nm or less on the surface. 

[Claim 13]A manufacturing method of the zinc oxide needle crystals according to claim 6 to 12 in 
which, as for said zinc oxide needle crystals, a diameter is characterized by not less than 5-nm 1 
micrometer or less and an aspect ratio being ten or more. 

[Claim 14]A manufacturing method of the zinc oxide needle crystals according to claim 6 to 13, 
wherein not less than 70% of axes [ not less than 60 degrees of] of said zinc oxide needle crystals 
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stand to a substrate. 

[Claim 15] A manufacturing method of the zinc oxide needle crystals according to claim 6 to 14 
performing said heat treatment at the same temperature. 

[Claim 16]A manufacturing method of the zinc oxide needle crystals according to claim 6 to 14 
performing said heat treatment in two steps, the degree of low temperature, and high temperature. 
[Claim 17]A photoelectric conversion device, wherein zinc oxide needle crystals of a statement are 
used for any 1 paragraph of claims 1-5 as said n type charge transport layer between substrates of 
a couple in a photoelectric conversion device which has a n type charge transport layer, a light 
absorption layer, and a p type charge transport layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the photoelectric conversion device which used the 
manufacturing method of zinc oxide needle crystals, zinc oxide needle crystals, and it 
[0002]Zinc oxide needle crystals are applicable to a various field from having the acute nature at a 
tip, single crystal nature, and large surface area. Especially the zinc oxide needle crystals by the 
manufacturing method of this invention can be used suitably for a photoelectric conversion device 
[0003] 

[Description of the Prior Art]Conventionally a zinc oxide for many years Paints, a paint, printer's ink, 
cosmetics, drugs, It is used as dental materials etc., and also is used for broad fields, such as the 
sensitizing agent for electro photography, a semiconductor laser, UV cut material, a photocatalyst, a 
sensor, a surface acoustic wave filter, a camera exposure meter, and a photoelectric conversion 
device, using semiconductor nature, a photoconductivity, piezoelectricity, luminescence, and 
interface character. 

[0004]As a method of generally manufacturing a zinc oxide film on a substrate, various methods, 
such as a sputtering technique, vacuum deposition, a CVD method, and plating, are known. For 
example, Mr. Isaki and others has reported having produced the zinc oxide film uniformly on the 
conductive substrate (Appl. Phys. Lett, Vol.68, No,17, 1996 2439, J. Electrochem. Soc, 146, and 
4517 (1999).) J. Electrochem. Soc, 147 (1), 210 (2000), JP.8-217443A JP,8~260175,A. 
[0005]There being also a means to produce zinc oxide needle crystals, for example, having used the 
vapor phase oxidation of metal zinc for "J. Crystal Growth, 102, and 965" (1990), and having 
manufactured the tetrapod-like ****** needlelike lead crystal at 920 ** is reported. It has reported 
that the needle crystal of the zinc oxide which uses an atmosphere release type CVD method for 
"Jpn.JAppl.Phys., Vol.38(1999)pp.L586" and in which length amounts to them at 1.5 micrometers in 
diameter at 100 micrometers can be manufactured. 

[0006]It is also possible by heat-treating, after forming a zinc film on a substrate to form a zinc 
oxide film. About the formation method to the substrate top of metal membranes, such as zinc, 
although the vacuum deposition method by resistance heating etc., a sputtering technique, plating, 
etc. are mentioned, having grown up the metal whisker from metal membranes, such as zinc, tin, and 
copper, especially in this is reported. A tin whisker arises from the tinning layer in an electric circuit, 
and the electric circuit having connected with another plating layer too hastily by the cause of 
having adhered and contacted, or having malfunctioned is reported. 

[0007]As plating used for an electric circuit, although many low melting point heavy metals, such as 
zinc and tin, are used, a needle crystal, i.e., a whisker, may arise from the plating surface under 
environmental influence, such as temperature and humidity, plating, and the influence of the 
remaining stress of an electric circuit component By this chance, the research relevant to a metal 
whisker has been completely made [ that it is various and ] since around 1952. It is also reported 
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that the whisker otherwise arose from metal membranes, such as zinc formed by vacuum deposition, 
weld slag, etc. and tin, under the environment where it has a high temperature, humidity, etc (crystal 
engineering handbook KYORITSU SHUPPAN , Inc. P.21 7, JP, 10-24421 7 A) 
[0008] 

[Problem(s) to be Solved by the InventionjHowever, in the method of heating the metal of the 
above-mentioned conventional technology and carrying out oxidation condensation in the gaseous 
phase, although needle crystal powder is compounded, it was not able to grow up a needle crystal 
on the substrate. Although the needle crystal film which has a stacking tendency is producible in the 
atmosphere type open sand mold CVD method using the above-mentioned organic matter raw 
material, Since only a zinc-oxide-needle-crystals film about several micrometers in diameter is 
obtained by this process and it used the organic matter raw material by the case where a substrate 
is silicon on sapphire, there was a problem that it was high-cost. 

[0009]This invention was made in view of the above-mentioned conventional problem, and the 
purpose can grow up zinc oxide needle crystals on the substrate of various sorts, and there is in 
moreover providing the manufacturing method of the zinc oxide needle crystals which can be 
manufactured by low cost. 

[0010]Another purpose of this invention is to provide the manufacturing method of the zinc oxide 
needle crystals which made growth density and a growth direction control. 
[0011]Another purpose of this invention is to provide zinc oxide needle crystals and the 
photoelectric conversion device which used it. 
[0012] 

[Means for Solving the Problem]In order that zinc oxide needle crystals of this invention may solve 
an aforementioned problem, it is growing up on a base in which a zinc film was formed in a zinc plate 
or the surface. 

[0013]A manufacturing method of zinc oxide needle crystals of this invention, In a manufacturing 
method which grows up zinc oxide needle crystals on a baseband manufactures zinc oxide needle 
crystals, a zinc film is formed in zinc or a base surface, and said base is characterized by growing up 
zinc oxide needle crystals into said base surface by heat-treating said base under oxidizing 
atmosphere gas. 

[0014]In a photoelectric conversion device with which a photoelectric conversion device of this 
invention has a n type charge transport layer, a light absorption layer, and a p type charge transport 
layer between substrates of a couple, the above-mentioned zinc oxide needle crystals are used as 
said n type charge transport layer. 

[0015]In the above-mentioned zinc oxide needle crystals, a diameter of a needle crystal is not less 
than 5 nm 1 micrometer or less, and zinc oxide needle crystals whose aspect ratio is ten or more 
are preferred. Zinc oxide needle crystals where not less than 60 degrees of axes of not less than 
70% of needle crystal stand to a substrate are preferred. 
[0016] 

[Embodiment of the Invention]Next, an embodiment of the invention is described in detail with 
reference to drawings. First, the main features of the manufacturing method of the zinc oxide needle 
crystals in this invention are growing up zinc oxide needle crystals from the surface of a zinc plate, 
or the surface of a zinc film by heat-treating the base which formed the zinc plate or the zinc film in 
the controlled atmosphere which oxidizes zinc. The main features of the photoelectric conversion 
device in this invention are using for an electronic transition type charge transport layer the zinc 
oxide needle crystals which can be smoothly carried out by transfer and movement of an electron 
and a hole. 

[0017]First, the zinc oxide needle crystals of this invention are explained. A needle crystal is what is 
called a whisker, and indicates the needle crystal included a needle single crystal or spiral transition 
without a defect, etc. As shown in drawing 1 (a), that many needle crystals grew up to be from one 
point in which a needle crystal includes the shape of a tetrapod, the thing formed in arborescence 
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as shown in drawing 1 (b), or the thing which broke as shown in drawing 1 (c), and grew up to be a 
line is also contained. 

[001 8]A needle crystal is altogether contained by the pillar and the cone, and a cone what has a flat 
tip, the thing in which the tip is sharp, etc. Six-sided a triangular pyramid, a pyramid and a pyramid, 
what has a flat tip of the shape of other many pyramids, or its many pyramids, Although the 
triangular prism in which a triangular prism, the square pole, the hexagonal prism, the other multiple 
column, or the tip sharpened, a square pole, a hexagonal prism, the shape of another multiple pillar, 
what is [ the tip ] flat, etc. are contained and such polygonal line-like structures are also included 
further, the shape of the section of zinc oxide needle crystals tends to become a hexagon easily. 
[0019]The thing of roughness factors, such as a photoelectric conversion device, which has a large 
aspect ratio of the generated zinc oxide needle crystals, the minimum length which 10 or more and 
100 or more are preferred when a thinner thing is liked, and passes along the center of gravity of 
the horizontal cutting plane of a needle crystal is also 1 micrometer or less — if it can do, 100 nm 
or less and also 50 nm or less are preferred. In order to improve crystallinity, it is preferred to carry 
out c-axis oriented [ of the needle crystal ]. Here, in the case of the shape of a state circular [ the 
horizontal cutting plane of a needle crystal ], or circularly near, an aspect ratio shall mean the ratio 
of the length to a diameter, and, in the case of square shapes, such as a hexagon, the horizontal 
cutting plane of a needle crystal shall say the ratio of the length to the minimum length passing 
through the center of gravity of a cutting plane. 

[0020]Next, the formation method of the zinc film used when growing up zinc oxide needle crystals 
is explained. Although it is [ that it is various as a method of forming the zinc film in this 
embodiment and ], the formation method of the zinc film of plating suitable for forming a zinc film 
here is mentioned, and is explained in detail below. 

[0021] Although electroplating, a hot-dipping method, the sherardizing method, etc. are mentioned 
about galvanization, about the galvanization in this embodiment, electroplating suitable for forming a 
zinc film with sufficient thickness is adopted. This uses two electrodes and produces a zinc film by 
dipping an electrode substrate in the electrolysis solution which zinc ion contained at least, and 
impressing potential. As a plating bath in this case, an alkaline bath, an acid-salt-ized zinc bath, etc. 
of a zincate way of the world or cyanide which removed cyanide ion are mentioned, for example. 
[0022] Drawing 2 shows the example of the manufacturing device which plates with two electrodes. 
This manufacturing device forms a zinc film on the conductive substrate which is the cathode pole 
22 by dipping the anode pole 21 and the cathode pole 22 in the electrolysis solution (plating bath) 23 
in the beaker 24, and sending constant current. What is necessary is just to change electrolysis 
solvents, such as an electrolyte which zinc salt contained at least and its electrolytic concentration, 
IPA, and water, electrolytic current density, the temperature of an electrolysis solution, 
electroplating time, the convection conditions of an electrolysis solution, etc. as these 
manufacturing conditions. 

[0023]For example, when using a cyanide bath for an electrolysis solution and producing a zinc film, 
As a presentation of the plating bath, a zinc oxide, for example 0.455 mol/L - 0.577 mol/L, Zinc is 
0.459 mol/L - 0.573 mol/L, and 1.53mol/L-2.14mol/L, and sodium hydroxide have [ a sodium 
cyanide ] 1.87 mol/L - preferred 2.25 mol/L As for pH, adjusting to 13-15 is preferred. As 
conditions for electroplating, electrolytic current density has 5 mA/cm 2 - preferred 80 mA/cm 2 . As 
for electrolysis solution temperature, when water is used as an electrolysis solvent, it is preferred to 
set it as 25 ** - 30 ** using the mantle heater 25. Although a zinc projection with a diameter of 100 
nm or less may exist on the surface of a zinc film according to manufacturing conditions, this may 
serve as the growth starting point of zinc oxide needle crystals. 

[0024]Next, the heat treating method of the zinc film (or zinc plate) for growing up zinc oxide needle 
crystals is explained. Drawing 3 shows an example of the manufacturing installation of the zinc oxide 
needle crystals by heat treatment. The heat treating method which heat-treats in the controlled 
atmosphere which oxidizes the zinc plate or zinc film of this embodiment is explained in detail using 
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drawing 3, First, ****** 13, such as ******, are inserted in the electric furnace 17, and the 
substrate holder 12 holding the substrate 1 1 is further installed into the ****** 13. The two gas 
introduction lines 14 and 15 are installed in the end on the left-hand side of ****** 13, and the 
flueing line 16 is installed in a right-hand side end. As for the substrate 11, a zinc film is formed on a 
zinc plate or a substrate. 

[0025]Although not illustrated in drawing 3 f it has the gas bomb etc. which make a control device, a 
thermo couple, a oxidizing gas, inactive gas, etc. which control the vacuum pumping system which 
performs exhaust air from ****** 13, and temperature flow into ****** 13. It uses for the gas 
introduction line A14 flowing oxidizing gases, such as oxygen, and the gas introduction line B15 
making inactive gas, such as argon and nitrogen, flow. First, evacuation is performed for the gas in 
****** 1 3 from the flueing line 1 6. 

[0026]Next, let the gas introduction line A14 pass, for example, oxygen gas is made to flow, and the 
inflow of the carrier gas is set as several ml/min - several liters / min. Evacuation is performed 
from the flueing line 16 so that it can hold to the oxygen tension as the request in ****** 13 on 
this condition. In this state, it lets the gas introduction line B15 pass, for example, argon gas is 
flowed into ****** 13, and the inflow of that carrier gas is set as several ml/min - several liters / 
min. Evacuation is performed from the flueing line 16 so that the total pressure power which 
includes the oxygen tension in ****** 13 on this condition can be held to 1 atmosphere. 
[0027]Subsequently f although how to grow up zinc oxide needle crystals by heat-treating the 
substrate 1 1 using the electric furnace 17 is explained, In this embodiment, two kinds of 
manufacturing methods of the two-step growth which performs heat treatment in the growth, the 
degree of low temperature, and hypoxia pressure which perform heat treatment at the same 
temperature, and heat treatment at high temperature one by one are mentioned and explained. First, 
about growth of the zinc oxide needle crystals of heat treatment at the same temperature, the 
optimal oxygen tension for growing up zinc oxide needle crystals from the substrate with which the 
zinc plate or the zinc film was formed, and heat treatment temperature are set up. 
[0028]Although types of gas other than oxygen are chosen and it is made to flow into ****** 13 to 
1 atmosphere, inactive gas, such as argon gas, is preferred especially here. Although it is preferred 
that oxygen tension is 0.01 Pa or more 10000 Pa or less in this case, it is preferred that it is not 
less than 10 Pa especially 1000 Pa or less. Next, as for especially this growing temperature, 
although it is possible to hold the substrate 13 with which the zinc plate or the zinc film was formed 
by heating using the electric furnace 17 at not less than 400 ** 800 ** or less, and to grow up zinc 
oxide needle crystals from the substrate 1 1 , not less than 450 ** 600 ** or less is preferred. This 
heat treatment is performed for several minutes - several hours, after that, temperature is lowered 
and the substrate 1 1 is taken out. Zinc oxide needle crystals as shown in drawing 4 (a) or drawing 4 
(b) by the above method grow long and slender with high density from the substrate 11. 
[0029]Next, the two-step growth which performs heat treatment (it is hereafter indicated as heat 
treatment of a single step eye) in the degree of low temperature and hypoxia pressure and heat 
treatment (it is hereafter indicated as the second step of heat treatments) at high temperature one 
by one as mentioned above is explained. Heat treatment of a single step eye is heat treatment 
performed in order to produce the growth start site of zinc oxide needle crystals under the 
conditions of the degree of low temperature, and hypoxia pressure, and the second step of heat 
treatments are heat treatments performed in order to grow up zinc oxide needle crystals from said 
growth start site under the conditions of high temperature. 

[0030]Although it is about the conditions of two-step growth, the optimal oxygen tension for growing 
up zinc oxide needle crystals from the substrate with which the zinc plate or the zinc film was 
formed, and heat treatment temperature are set up. Although types of gas other than oxygen are 
chosen and it is made to flow into ****** to 1 atmosphere, inactive gas, such as argon gas, is 
preferred especially here. In heat treatment of a single step eye, the substrate 1 1 with which the 
zinc plate or the zinc film was formed is held at not less than 500 ** 550 ** or less, and oxygen 
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tension is held to 0.01 Pa or more 10 Pa or less. By heat-treating a single step eye under these 
conditions for several minutes - several hours, not less than several 10-nm the zinc oxide needle 
crystals whose aspect ratio it is 50 nm or less and is ten or more are grown up, and the substrate 
1 1 to a diameter serves as a growth start site of the zinc oxide needle crystals in this invention. 
[0031]Then, the second step of heat treatments are performed. In a heat treatment process, the 
controlled atmosphere in ****** 13 is set as 1 atmosphere using inactive gas, such as argon gas, 
like a single step eye, and oxygen tension is set as the not less than 100-Pa range of 10000 Pa or 
less. About heat treatment temperature, it holds at not less than 500 ** 600 ** or less, and heat 
treatment is performed for several minutes - several hours. Zinc oxide needle crystals as shown in 
drawing 4 (a) and (b) by this method grow long and slender from a substrate with high density from 
the substrate 1 1. In order to grow up the zinc oxide needle crystals of several 10 - the diameter of 
100 nm of numbers with high density, it is preferred that the surface density of the start site of 
crystal growth is below more than 10 8 /cm 2 , and 10 12 /cm 2 . 

[0032]If it can be equal to heating as a substrate, there is no restriction in particular and it is 
selectable according to the purpose. For example, it may be usable and the substrate which 
provided the conductive layer on it, of course may be sufficient as oxide single crystals, such as 
semiconductor substrates, such as glass and Si, MgO, sapphire, or a sintered carrier. Substrate 
shape may not be restricted to tabular and a cylindrical thing and the thing of tape shape like 
Kapton may be sufficient as it. 

[0033]Next, the photoelectric conversion device using zinc oxide needle crystals is explained. 
Drawing 5 ^shows the example of composition of the photoelectric conversion device in this 
embodiment. In drawin g 5, the light absorption layer which 54 adjoined the substrate with an 
electrode, 51 adjoined zinc oxide needle crystals, and 52 adjoined the surface of the zinc oxide 
needle crystals 51, and was formed, the charge transport layer of a p type [ 53 ], and 55 are 
substrates with an electrode. The substrates 54 and 55 with an electrode consist of a glass 
substrate in which the transparent electrode was provided, for example. The zinc oxide needle 
crystals 51 are manufactured with the above manufacturing methods, and are used as a n type 
charge transport layer. 

[0034]When the particle crystal layer of the zinc oxide needle crystals 51 and a Graetzel type cell 
by this invention is compared here, there is little probability which will be scattered about by a grain 
boundary by the time the electron and hole which the direction of the zinc oxide needle crystals 51 
generated by optical pumping move to a collector. Since the zinc oxide needle crystals 51 grew from 
the zinc film, it is hard to produce a grain boundary, and transfer and movement of an electron and a 
hole are smooth. Since a minimum diameter is thin and an aspect ratio is large, also in a single 
crystal state, the surface area of the zinc oxide needle crystals 51 becomes large. 
[0035]Since the opening of the zinc oxide needle crystals 51 is comparatively linear, it is convenient 
for being filled up with the electrolyte which functions as the p type charge transport layer 53, or a 
p-type semiconductor. That is, in the case of an electrolyte, diffusion of iodine ion etc. is quick, and 
the permeate lump to the opening of the zinc oxide needle crystals 51 is early, moreover — the 
case of solids [ charge transport layer / 53 / p type ], such as Cul and Cu 2 0, — the opening of the 

zinc oxide needle crystals 51 — deep — until — it can be filled up quickly. The minimum diameter 
of the zinc oxide needle crystals 51 is 50 nm or less, and, as for an aspect ratio, it is preferred that 
it is 100 or more. It is preferred that not less than 70% of these zinc oxide needle crystals stand 60 
degrees or more to a substrate. 

[0036]It is better to show a conductive layer in a substrate face, when using the zinc oxide needle 
crystals by this invention for the element which sends the electrical and electric equipment When 
using for an optoelectric transducer especially, the transparent direction of the conductive layer of 
a substrate and a substrate face is preferred. Tin oxide, a zinc oxide, etc. which were doped by ITO 
and the n type as a conductive layer in this case are preferred. 
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[0037]About a p type charge transport layer, when the zinc oxide needle crystals 51 are used for a 
n type charge transport layer, it is necessary to produce the p type charge transport layer 53 on 
both sides of the light absorption layers 52, such as coloring matter. It is preferred to use redox 
couples, such as I " /I 3 " and Br " /Br 3 " , for the p type charge transport layer 53 like a wet solar 
cell. Even when using redox, there is the method of using not only a simple solution system but 
carbon powder as a holding material, or gelling an electrolyte. There is also a method using fused 
salt or ion-conductive polymer. P-type semiconductors, such as electric field polymerization organic 
polymer, Cul, CuSCN, Cu 2 0, and NiO, can also be used as a method of conveying an electron (hole). 

[0038]Since the p type charge transport layer 53 needs to enter the opening in the zinc oxide 
needle crystals 51 in which the light absorption layer 52 was formed on the surface, when producing 
the charge transport layer 53, the infiltration process which can be used for a fluid, polymers, etc., 
electrodeposition, a CVD method which can be used for the solid charge transport layer 53, etc. are 
suitable. 

[0039]About an electrode, an electrode is provided so that the p type charge transport layer 53 and 
the zinc oxide needle crystals 51 may be adjoined. An electrode may be provided all over the 
outside of these layers, and may be provided in part. It is better to provide an electrode the whole 
surface from a viewpoint of holding the p type charge transport layer 53, when the p type charge 
transport layer 53 is not a solid. It is preferred to provide catalysts, such as Pt and C, in it, for 
example, in order to make a redox couple return to the surface of the electrode which adjoins a 
charge transport layer efficiently. 

[0040]As an electrode by the side of light incidence, the transparent electrode which becomes an 
indium tin multiple oxide and the tin oxide from what etc. doped fluoride can be used conveniently. 
When resistance of the charge transport layer which touches the electrode by the side of light 
incidence is low enough, it is also possible to provide an electrode partial as an electrode by the 
side of light incidence, for example, a finger electrode etc. The metal electrode which consists of 
Cu, Ag, aluminum, etc. can be conveniently used for the electrode which is not on a light incidence 
side. 

[0041]About a substrate, the construction material of a substrate and thickness can be suitably 
designed according to the endurance required of a photovoltaic device. The substrate by the side of 
light incidence can use a glass substrate, a plastic plate, etc. conveniently, as long as it is 
translucency. As a substrate which is not on a light incidence side, a metal substrate, a ceramic 
substrate, etc. can be used suitably. It is preferred to provide the a nti reflection film which consists 
of Si0 2 etc. in the surface of the substrate by the side of light incidence. 

[0042]It may be made not to form the substrate of a separate member with an electrode by making 

the electrode mentioned above serve as the function as a substrate. 

[0043] 

[Example]Next, the example of this invention is described. Zinc oxide needle crystals were produced 
in Examples 1-3, and the photoelectric conversion device was produced in Example 4. 
[0044](Example 1) Example 1 explains the example into which zinc oxide needle crystals were grown 
up from the zinc plate by heat treatment using the device of drawing 3. First, ****** 1 3 was 
inserted in the electric furnace 17 in the manufacturing installation shown in drawing 3, and the 
substrate holder 12 holding the substrate (zinc plate) 1 1 was further installed into the ****** 13. 
Two gas introduction lines were installed in the end on the left-hand side of ****** 13, and the 
flueing line 16 was installed in the right-hand side end. It used for the gas introduction line A14 
flowing oxygen gas, and the gas introduction line B15 making argon gas flow, the gas in ****** 13 
was exhausted from the flueing line 16, and evacuation of the total pressure power in ****** 13 
was carried out to 1 Pa or less. 

[0045]Next, oxygen gas was made to flow through the gas introduction line A14, and the inflow of 
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the carrier gas was set as 100 ml/min. It adjusted performing evacuation from the flueing line 16 so 
that the oxygen tension in ****** 13 can be held to 100 Pa on this condition. Argon gas was also 
made to flow into ****** 13 through the gas introduction line B15 in this state, and the carrier gas 
flow of the gas introduction line B15 was adjusted so that total pressure power including the oxygen 
tension in ****** 13 could be held to 1 atmosphere. 

[0046]Subsequently, the zinc plate 1 1 was held at 600 ** using the electric furnace 17, and it heat- 
treated in this state for 1 hour. Then, that temperature was lowered and the zinc plate 1 1 was taken 
out from ****** 13. 

[0047]The place which observed the taken-out zinc plate 1 1 by FE-SEM (Field Emission - Scanning 
Electron Microscope : field emission scanning electron microscope), Zinc oxide needle crystals as 
shown in drawing 4 (a) and (b) on the surface of the zinc plate 1 1 were growing. The diameter of the 
needle crystal at this time was 20-200 nm, and the thickness of the needle crystal had the direction 
a little thicker than near the tip near a root. The length of zinc oxide needle crystals is 5-20 
micrometers, and not less than 70% of the zinc oxide needle crystals stood 60 degrees or more to 
the substrate 11. 

[0048]The result which was used based on this condition and to which substrate temperature, 
oxygen tension, and reaction ******** we re changed, Substrate temperature is [ the total pressure 
of not less than 100 Pa 10000 Pa or less and ****** of the oxygen tension near the not less than 
400 ** 800 ** or less and near the substrate of more than 1000 Pa ] below 100000 Pa, and ten or 
more good zinc oxide needle crystals were obtained for the aspect ratio at 200 nm or less in 
diameter. Not less than 70% of the zinc oxide needle crystals stood 60 degrees or more to the 
substrate 11. 

[0049](Example 2) In Example 2, when a zinc film heat-treats the substrate formed by galvanization 
explains the example into which zinc oxide needle crystals were grown up. About the galvanization in 
Example 2, electroplating suitable for forming the zinc film which has sufficient thickness using the 
manufacturing device of drawing 2 was adopted. This is the method of producing a zinc film by using 
two electrodes, dipping an electrode substrate in the electrolysis solution which zinc ion contained 
at least, and impressing potential. 

[0050]In the manufacturing device of drawing 2, a zinc film forms on the conductive substrate which 
is the cathode pole 22 by dipping the anode pole 21 and the cathode pole 22 in the electrolysis 
solution 23 in the beaker 24 as mentioned above, and sending constant current What is necessary 
is just to change electrolysis solvents, such as an electrolyte which zinc salt contained at least and 
its electrolytic concentration, IPA, and water, electrolytic current density, the temperature of an 
electrolysis solution, electroplating time, the convection conditions of an electrolysis solution, etc. 
as these manufacturing conditions. 

[0051]In this example, as a presentation of a plating bath, sodium hydroxide of 2.25 mol/L was 
added into the mixed liquor of the zinc oxide of 0.577 mol/L, the zinc of 0.573 mol/L, and the 
sodium cyanide of 2.14 mol/L, and pH was adjusted to 13-15. This electrolysis solution 23 was set 
as 25 ** - 30 ** using the mantle heater 24, and the electrically-conductive-glass board (F dope 
Sn0 2 , 10ohm/**) was made into the cathode pole 22, and it dipped in that electrolysis solution 23 

by making a zinc plate into the anode pole 21. The electrolytic current of 60mA[/cm ] 2 was sent for 
800 seconds, and the zinc film of about 20 micrometers of thickness was formed on the electrically- 
conductive-glass board. On the zinc membrane surface, the projection with a diameter of 100 nm or 
less existed mostly. 

[0052]Then, it heat-treated using the manufacturing installation of the zinc oxide needle crystals by 
heat treatment shown in drawing 3 like Example 1. First, the substrate holder 12 holding the 
substrate 1 1 in which the zinc film was formed into ****** 13 inserted in the electric furnace 17 
was installed, and it used for the gas introduction line A1 4 flowing oxygen gas, and the gas 
introduction line B15 making argon gas flow. First, the gas in ****** 13 was exhausted from the 
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flueing line 16, and evacuation of the total pressure power in ****** 13 was carried out to 1 Pa or 
less. 

[0053]Next, oxygen gas was made to flow through the gas introduction line A14, and the inflow of 
the carrier gas was set as 100 ml/min. It adjusted performing evacuation from the flueing line 16 so 
that the oxygen tension in ****** 13 can be held to 100 Pa on this condition. In this state, argon 
gas was also made to flow into ****** 13 through the gas introduction line B15, and the carrier gas 
flow of the gas introduction line B15 was adjusted so that total pressure power including the oxygen 
tension in ****** 13 could be held to 1 atmosphere. Next, said substrate 1 1 was held at 600 ** 
using the electric furnace 17, and it heat-treated in this state for 1 hour. Then, that temperature 
was lowered and the substrate 1 1 was taken out from ****** 13. 

[0054]When the taken-out substrate 1 1 was observed by FE-SEM, zinc oxide needle crystals as 
shown in drawing 4 (a) and (b) on the substrate 1 1 surface were growing, but zinc oxide needle 
crystals grown-up from the projection with a diameter of 100 nm or less which is the starting point 
were also seen. The diameter of the needle crystal at this time was 20-200 nm, and the thickness of 
the needle crystal had the direction a little thicker than near the tip near a root. The length of the 
zinc oxide needle crystals is 10-30 micrometers, and it was standing 60 degrees or more to the 
substrate 1 1 the not less than 70%. 

[0055]The result which was used based on this condition and to which substrate temperature, 
oxygen tension, and reaction ******** were changed, Substrate temperature is [ the pressure of 
not less than 100 Pa 10000 Pa or less and a reaction vessel of the oxygen tension near the not less 
than 400 ** 650 ** or less and near the substrate of more than 1000 Pa ] below 100000 Pa, and ten 
or more good zinc oxide needle crystals were obtained for the aspect ratio at 200 nm or less in 
diameter. Not less than 70% of the zinc oxide needle crystals stood 60 degrees or more to the 
substrate 11. 

[0056](Example 3) Example 3 explains the example into which zinc oxide needle crystals were grown 
up from the zinc plate by heat treatment which used two-step growth. ****** 13 was inserted in 
the electric furnace 17 in the manufacturing installation of drawing 3, and the substrate holder 12 
holding the zinc plate 1 1 was further installed into the ****** 13. Two gas introduction lines were 
installed in the end on the left-hand side of ****** 13, and the flueing line 16 was installed in the 
right-hand side end. 

[0057]Although not illustrated in d rawing 3 . it has the gas bomb etc. which make a control device, a 
thermo couple, a oxidizing gas, inactive gas, etc. which control the vacuum pumping system which 
performs exhaust air from ****** 1 3, and temperature flow into ****** 1 3. It used for the gas 
introduction line A14 flowing oxygen gas, and the gas introduction line B15 making argon gas flow. 
First, the gas in ****** 13 was exhausted from the flueing line 16, and evacuation of the total 
pressure power in ****** 1 3 was carried out to 1 Pa or less. 

[0058]Then, oxygen gas was made to flow through the gas introduction line A14, and the inflow of 
that carrier gas was set as 100 ml/min, and it adjusted, performing evacuation from the flueing line 
16 so that the oxygen tension in ****** 13 can be held to 1 Pa on this condition. In this state, 
argon gas was also made to flow into ****** 13 through the gas introduction line B15, and the 
carrier gas flow of the gas introduction line B15 was adjusted so that total pressure power including 
the oxygen tension in ****** could be held to 1 atmosphere. 

[0059]Under these conditions, first, the zinc plate 1 1 was heated to 500 **, and the single step eye 
was heat-treated for 10 minutes. At this time, the zinc oxide needle crystals whose aspect ratio a 
diameter is ten or more in not less than 10 nm 50 nm or less were growing from the substrate 11. 
This was made into the start site of the zinc oxide needle crystals in this invention. At this time, the 
surface density of the start site of crystal growth was 10 8 /cm 2 . 

[0060]Then, in order to perform the second step of heat treatments, after lowering the temperature 
of the zinc plate 1 1, the gas in ****** 13 was again exhausted from the flueing line 16, and 
evacuation of the total pressure power in ****** 1 3 was carried out to 1 Pa or less. Oxygen gas 
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was made to flow through the gas introduction line A14, and the inflow of that carrier gas was set as 
100 ml/min, and it adjusted, performing evacuation from the flueing line 16 so that the oxygen 
tension in ****** 13 can be held to 1000 Pa on this condition. 

[0061]In this state, argon gas was also made to flow into ****** 13 through the gas introduction 

line B15, and the carrier gas flow of the gas introduction line B15 was adjusted so that total 

pressure power including the oxygen tension in ****** 13 could be held to 1 atmosphere. The zinc 

plate 1 1 was held at 600 ** under these conditions, and the second step of heat treatments were 

performed for 1 hour. Then, that temperature was lowered and the zinc plate 1 1 was taken out from 
****** 13, 

[0062]When the taken-out zinc plate 1 1 was observed by FE-SEM, zinc oxide needle crystals as 
shown in drawing 4 (a) and (b) had grown to be the zinc plate 1 1 surface. The diameter of the needle 
crystal at this time was 20-200 nm, and the thickness of the needle crystal had the direction a little 
thicker than near the tip near a root. The length of the zinc oxide needle crystals is 5-20 
micrometers, and it was standing 60 degrees or more to the substrate 1 1 the not less than 70%. At 
this time, the surface density of the start site of crystal growth was 10 8 /cm 2 . 
[0063]Substrate temperature [ in / it carries out based on this condition, and / heat treatment of a 
single step eye ], oxygen tension, As a result of changing reaction ********, as for the oxygen 
tension near the not less than 500 ** 550 ** or less and near the substrate, the pressure of 
substrate temperature of 1-Pa or more 10 Pa or less and a reaction vessel of more than 1000 Pa is 
below 100000 Pa, Ten or more good zinc oxide needle crystals were obtained for the aspect ratio at 
not less than 10 nm 50 nm or less, and the diameter of more than 10 8 /cm 2 was [ density of these 
zinc oxide needle crystals ] below 10 12 /cm 2 . 

[0064]Then, as a result of also performing the second step of heat treatments, ten or more good 
zinc oxide needle crystals were obtained for the aspect ratio at 200 nm or less in diameter. At this 
time, that density of more than 10 8 /cm 2 was below 10 12 /cm 2 Not less than 70% of the zinc oxide 
needle crystals stood 60 degrees or more to the substrate 11. However, all the conditions in the 
second step of heat treatments are the same as the second step of first heat treatment conditions. 
[0065](Example 4) Example 4 explains the example which used this invention **** zinc oxide needle 
crystals for the Graetzel type photoelectric conversion device of drawing 5, and produced the 
photoelectric conversion device. First, a zinc film is formed in an electrically-conductive-glass board 
(F dope Sn0 2 , 10ohm/**) with plating like Example 2. 

Then, zinc oxide needle crystals were grown up by heat treatment like Example 2. 
With an electrically-conductive-glass board, it is equivalent to one cell substrate of a photoelectric 
conversion device, for example, corresponds to the substrate 54 with an electrode of drawin g 5. 450 
** and 1-hour annealing were performed for oxygen gas with the 100sccm sink, and this substrate 
was lowered to 80 **. 

[0066]While this substrate was taken out and temperature seldom fell, it dipped into the distillation 
ethanol in which Ru(bipy) (COOH) ( 2 ) 2 (SCN) 2 which is Ru complex was dissolved, and held for 30 

minutes. As a result, coloring matter stuck to the zinc-oxide-needle-crystals surface. This coloring 
matter is equivalent to the light absorption layer 52 of drawing 5. 

[0067]On the other hand, the redox couple performed cell production as a counter electrode using I 

" /I 3 ~ using what carried out 1-nm weld slag membrane formation of the platinum on electrically 

conductive glass (F dope Sn0 2 , 10ohm/**). In this case, the electrically conductive glass as a 

counter electrode is equivalent to the cell substrate of the other side of a photoelectric conversion 
device, for example, corresponds to the substrate 55 with an electrode of drawing 5. A redox solute 
tetrapropylammonium iodide (0.46M) and iodine (0.06M), The solvent used the mixed liquor 
(equivalent to the charge transport layer 53 of drawing 5 ) of ethylene carbonate (80vol%) and 
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acetonitrile (20vol%). The photoelectric conversion device which sandwiches this mixed liquor by the 
substrate and counter electrode zinc oxide needle crystals grew up to be, and is shown in drawing 5 
was produced. 

[0068]The cell was similarly assembled using the thing which applied the Ti0 2 powder which used 
the anatase type with a particle diameter of about 20 nm as the main ingredients as a comparative 
example, and was made to sinter. And when it irradiated with the xenon lamp light of 500W which 
attached the ultraviolet ray cut filter and the value of the photoelectric current by a photoelectric 
conversion reaction was measured, the direction of the cell of Example 4 was increasing [ the 
amount of photoelectric conversion per amount of unit coloring matter ] about 15% compared with 
the comparative example. 

[0069]Things used in many fields, such as an electrochromic element and an electron source, are 
possible for zinc oxide needle crystals of this invention, and a manufacturing method for the same 
besides a photoelectric conversion device. 
[0070] 

[Effect of the Invention]As explained above, according to this invention, zinc oxide needle crystals 
can be grown up on the substrate of various sorts, and zinc oxide needle crystals can be produced 
by low cost. Growth density and a growth direction are controllable. By using the zinc oxide needle 
crystals of this invention for a photoelectric conversion device, photoelectric conversion efficiency 
can be improved and performance can be improved. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[DrawingjQlt is a figure showing the example of the zinc oxide needle crystals concerning this 
invention. 

[Drawing 2]It is a figure showing an example of the manufacturing device of galvanization concerning 
this invention. 

[Drawing 3] It is a figure showing the example of the manufacturing installation used for the 
manufacturing method of the zinc oxide needle crystals of this invention. 

[Drawing 4 ]It is a figure showing the example of the zinc oxide needle crystals manufactured with 
the manufacturing method of this invention. 

[Drawing jQlt is a sectional view showing an example of the photoelectric conversion device using 
the zinc oxide needle crystals of this invention. 
[Description of Notations] 

11 Substrate 

12 Substrate holder 

13 Coil 

14 Gas introduction line A 

15 Gas introduction line B 

16 Flueing line 

21 Anode pole 

22 Cathode pole 

23 Electrolysis solution (plating bath) 

24 Beaker 

25 Mantle heater 

41 Zinc oxide needle crystals 

51 Zinc oxide needle crystals 

52 Light absorption layer 

53 Charge transport layer 

54 A substrate with an electrode 

55 A substrate with an electrode 



[Translation done.] 
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9mol/L~0. 573mol/L. ^7><tt h V 9 A«1.53mol/L 
~2.14mol/L TklMfc^ h "J ^A«1.87rnol/L~2.25hiol/ 
L#»* U». P Httl3~l«cWBE'r4©3WfiF* U>. 

ffi*SSt©SBJbfcioon m«T©&©ffil&38§# J #&-f 

[0024] *tc. gMt&ttiHtt^£l$5;*ttSfc& 
©ESGJS (XttBtttK) ©IMBn35fS6fcoi,»r||i|»- 
6.03 ttftMSSC j: *K<l5Ett*HraA©»g&£S© 
*HJfi^©ffiiS«X{iiii8)®?r^t3# 

r#L < fftWT <5. *r. *SUF 1 7 JCESfiSCKiS 
SI 3**Lii*. Btc*©Ki£*l 3 ©#(<:»« l l 

1 3 ©£ffl©JS{cn2[c©#*j§A7 Y > 1 4 > 1 5 £t§: 
St, *«©«{CX/X»«19^>16*BW^*. S« 

[0025] £fc, H3"c»*H^i/ri><ti>3&«. mm 

A 1 4«B«*©lMbtt#**. #**A5-f>B 1 5 
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«7;l<:*>^g^©;f%tt#*£^A<*tfS©CCffil,> 

s <>©?*$. *r. sevi 3"t»©^**xgf»7 

[0 02 6] #*$A7-Y>A 1 4*Ml/T. fll 

*K. K*#;i*s*A3tt. *©*+yr#a©*A* 

%&ml/nriirH»l/minlCi8fl£-r&. CO^TjgCBS 

1 3rt©iffira9©i^EK«ma3W<fc5{c#a# 
«^^>16J:0Jiaai«*ff5. C ©flare. 
A7-f>B 1 5*iIt,X\ W*.K> 7)l>zt>iiZ&xf& 
10 »13«Ci*AU ^©+fyT^X©«EAS4»ml/mi 
rMRl/irinKWEr*. C ©^frrJSiES 1 3 rt©$ 

[0 0 2 7] &(,>*e. tiSv* 5 1 7 £J8(,>T«« 1 1 
*JW«IIMBl*ff5fiSS. fi«Sta-3fillJREK*»W* 

<D2WR®W£m*mixvim-tz>. sr. im-tag 

20 tcfe w & flMea©8Mt£ttfcHfti *©«*«: -at > r tt . 
K*SA«r«Sd«<&©(c«jiQ;i»|^S. Milfig* 
[ 0 0 2 8 ] *fc. IBRttJW>3tf^«a*ajRL. StD 

fi 3(ci^E$t , *A$#-5.^, cc-cttWfcr^^ 

>^9©^fStt^J&«F*bl>. X. C©«J^J*»3R 
#E #0 . 0iPati±l0000PaJi(T'C* 4**ijf * 
^{ClOPaWilOOOPaWTr*^^*?*^^. 'XK, € 

30 isji^«3tifc^i 3*4(xrcw±8o«rcOT«:fia# 

0, Sfitl 1^6^tfeS#ftt^?rfiSg$#S*^Bj 

fgf* & *1, C ©fiX6fia«!Nf{C 45O°CJi(±600 s COT# 

s%Ttf-c*«i i*wow-r. eih©*ffina4 
(a) At»iiB4 (b> icfrstmmmmmiktt 

mi l*>6JMJflt«:liR 

[0 0 29] Bifai©4:^{Cffifiafl^«^EiC 

PtB©^^Stti. fiaSMo«SE©^fr©Tr® 
^S©*-C*0 v r©«@©$l®I£ttiiSfig©&#© 

[ 0 0 3 0 ] hk. r^ws6fi©*ff{coi»r-c*a 
a*^s-r<s„ x. Ksm©*'x«4aiRL. sic; 

so Wci«EE*"caAS***«. cc-c«#{ct;U3">^ 



r «. Misfit o < im$amAWi£2 titcmw. 1 1 % so 

tfC«± 5 50'CWTic»f# 0 . BftXaEKo . 01PaW±i0Pa 

felh50n mfclT"C* <3 , T^t> hJ±**l0fe{±r&S®! 

[0 0 3 1 ] ttl,>-C, :^MB@©*MB«*fT 5. MAIS 
jiSJcfc^-CB. Slfrf 1 3rt©#H§l#XB-|&lf g 

tmmcr )i=f>xm<DT-m&ti*zm^x i suik 

S5EU KJR^EBlOOPaW±looooPaWTCD«H{c»5t 
•f MafiSK-ouTB. 5oo'CW±60o'C«T«:« 

( a ) . ( b ) K^?ttttHtf|&|QIH^*tfS«g 1 1 

&hite&Ktt#hin&<tii&ir&. mi o~»i o 

0 n m&©$<bM$$tmil£ii^g&C(£g3-t*SCC 
B. **Ja^H»MWfl[©*HafflW«l O'/orfWi. 
1-3 1 0 1, /an , OTt , *S*!W(?*l/(,>. 

[0 03 2 ] X, »SiLTBMCi8f;i6ft&fc©& 

*B, ^^Si^OiNWHIfi, MgOWr-/ 
7*©iMfc*MWS*. 0 < ««HM««s«tfflnTffi-C 
4>0. &iK-©±K*«ii*RWfc»K-ct>m». * 

[0 0 3 3 ] Jfcfc. Kftffi$8i+«^*ffl^fc^m^» 

«««:-3i>riiiWi'4. H 5 B*H*fi^Sl^few 

»Sfc 5 1 ttftfl&ttftftttihl. 5 2 ttBMHfilMHrt 
HA 5 1 ©affiK««l,T^3ftfc3lHRlDMI. 5 3 B 
pHOfiffitftjgJf, 5 5B«fiW**«-C*4. 
*«R5 4. 5 5B, «*K. »(PM*WRW6ftfc# 

mitmwmms ibbu»©^ 

L.T«,>fcfc©-C*-&. 

[0034] CCT, #?PJ(C i fcS|IMbM£&$+tt*S,fl5 

1 Acraetzelffl-fe^OWt^lSJWitJtR-rSi, ®{b 
BttfttttSil 5 1 ©7j J: «P L* fcWf* * 

-AiwwttNWW- * * -etc ttjwc j: o »a s *i a w 
•a^an. *fc, s$s)i^®Mb*iaMtti&,r H 5 1# 

IttttttittJIS 1 ©Mr***:* < 

[oo35i$fc, BMbBsoftHftgAs 1 <om.mm 
®mm$K<bz<Dv. pw<Dwnmmm5 3 1 ixmm 
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SXDMIsfmmm 5 3 ^CuI^Gi, Ol?©jifr|||#©J»£-e 
t> , SfklEififttttti II 5 1 ©SHKDft < $ "C^P < 

son mJtlTC* 9 . M-5TX^^ htbBlOOWi'C&S 
*#ff*U>. X. C©Kftffijfi#t«i»S©70%feU:*l 

[ 0 0 3 6 ] »c. *9tmic*&wbwmiffiii,in 

10 KKl^WR«B©Wl«99ir ft tcUtmt U». 

[ 0 0 3 7 ] ttc, pmomMmmmic-o^xa, ®it 
*»©#*«« 5 2 *t(W/T p Montmmm 5 3 at 

*{T So p §?©11#f#j£Ji 5 3 (C ttffl5$*» 

wfeimasjcr/ir^Br/Br rfcuF^^ 

fc*«&j8«*©*t!JSc< > y-*«mt 
20 jcofco. w*n*yMt*i>iy&ifi*>6. ek. mm 

[0 038] p£©«tttft&«5 3 tt«ffl±«C*«JRl 
5 2*^3ft/c^bffiJSStttite^5 1 *©£|i£KA9 

30 [0 03 9J**K-3l>T«. pS««M»J15 3. K 

4. WffiBCft6©»©ttfcJ©£®te&W-c4>J:t,>U 
-»tc«Wr fc J:l». P^Sffifiji)15 3 ^i]f$t , %t<> 

m& . p amfUft^ii 5 3 £«#f s i t > 5 si*> ^ ^ 

©SlffiKtt. W^-B, UF9f^*f©a7E*«M5J:<tf 
ftttS*{CPt. C»©|«t*»W'C*<**i»*OI.». 
[0 04 0] ^AJWflB©«ffi4L.rBv -O^^A-x 

40 6 ft €>«Bj^ffi?:Sf jgjcffl C > * C i jW-C * * . * AWfl 
©«ffi«:»T51BW^©«!S*»+»fii ( »*B^«:B. 
^AI«J©«ffii LtSW«SS, «il«7 ^ 
flW^Rtfi^fepUST**. *A«1l!littat6«clr» 

cu, A q> nmai>bit!&&M'Km&tfm<cm>& 

[0 04 1 ] *fc. «Rjc-?t»r«. »«©»«, ms 
b. *ja«^B{c«*sft*w^ttKi£;i;'cafitttt 
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-fe^ 5 y*&m*xsm\.*&mim*&. *a« 
**a § s*{c j: 19 , mm t ttmmttvmiR&mitx t > 

[0 04 3] 

MM 1 - 3 ?t21Mb3tt*HftAB4ftK t . gffcffl 4 r 

[0044] (%mw 1 ) mmm 1 -e«. 03©«g4 

SlWiHtlBit*. *r. H3(c^-fS!gaggicfct,> 
■C*«j^ 1 7 KKlffg 1 3 4^b&#, BtC*©5li?S 
1 3©4><cSK (Sttftt) 1 l*fi»-r*WR*^y- 
1 2 4tS:gUc SlSfl 3©£«iJ©ffi(c:i$©#X2» 
A5-04f&gU *«9©«K#;*gt«7-01 6 418 

X3&A5-OB 1 5«7;l/:0#.a4ii8SA3l2-S©{c/H 
t>. KfSfl 3*©*fX4#*8*l9-Ol 6<t«3Sfm 
U KCTl 3rt©«E#*if^T*r*2»»l, 
fc. 

[0045] tfX&A^ -OA 1 4 43IU'C®J& 
#x4SfeA3-t*. -e©** ■;7#X©jJf£AS4l00ml/m 
InKWE 0 fc. C ©&{*?£)£« 1 3 rtOHBR^E* 10 
0PaSCfi8*ffl*4 «fc 5 &c#xgfm? -O 1 6 £ <3 JM 
StifrUfcaifcaWOfc. M(c > C©tKarc#X38A-5 
-OBI 5 4iil/'rr;i'd">* r ^fcSjt?gi 3«c?jlEA3 
tf, Rtfifi 1 3rt©H»R»E*d«)*:IBK3% 1 StEK 
flWffi*S<fc5tC#;U*A9-OB 1 5©*+'J7#X 
Si£fi4PI$gL7Co 

[0046] iX^-C, mm* 1 7 4ffl^-CEi8« 1 1 4 
fiOTCfcfffcU C©mcl!W^*l«fflWTofc. C© 

[0047] m ft UfcffilSfi 1 1 4FE-SEM (Field Em 
ission - Scanning Electron Microscope : UFM&tti^ 

£03 4(a), ( b ) CCCT?ftfteifUlia#Wtt&tfJ$ 
fiLTOfc. C©B#©|+^S©KS«2 0-2 00n 
mT&O, ffiKfM©##5^ttfi£9$+mr B ©A3 
B^Afrorc. X. ttfl5Ett*ftttta©fi3 (25-^2 

0 /z mr* 0 . z<Dmimmmmgk<D7my,±imM 

1 i{c*ft/-C6oftfe(±4-3ri>fc. 

[0 04 8] ttc, C©*ff*j£{CL-C«R«flt, II* 
#E. ^»*JE*4S!{fcS-&fclS*. *«SB400 
Xay±800-C«T. »Rfi«fr©iBR»EBiflOPaKU:lO 
OOOPaOT, JgJt.B©^E^lBl000 PaW±100000 Pafcl 
"FT. BS200nmttTT7*^*htta«l 0tt_h©& 
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^ H ^©7o%«±«S*i lKatoreoKWJiaorc* 
fc. 

[0 049] (ftS609 2 ) lyttflj 2 TB. ffilSM^ffiJS 
fto Sfc£ 9^l$3*ifcS«4$®JI* S#«cJ: 9IMt 

2 «: te w 4 ffiiSJb o * jc-p t >r « . 02 ©ft$¥$Sg4 ffl 

t>r^ttiw©*3^ii4»ja-r 

< t t>w®j*>wt;mzfticm®-mcmmM*i9.b 
10 -cmfiwoT^tCci: 0 m&mzfmwmvb 
s. 

[0050] H2©fwaarc«. mrawDjjstcT^- 

KS2 1. #7- F@2 2£tf-#-2 4#©«Jg$2 

sKaLrsagfciSfc-r^tcio, #v-f@22-c* 

t, 5l>3Cc < £ fcffi$8*#i^r3 tifcttfiHraeK-©*))! 

mux. i pa sspi^k. 

«©«*. i«*otW, H»?®©*t«E&#3?4^;l 

20 [ 0 0 5 1 ] *mmwvte> &o &&©»&£ lt, 0. 

577mol/L©ffi!ftffiiS. 0.573mol/L©ffi$S, 2.14mol/L© 
^7>{t^ F V ^A©S^«{C2.25mol/L©7KK{t^ F 
y$A*»l|]U pHttU^lSClWOfc. C©«ft?$2 

3 *7> F b - * - 2 4 4flH,i-C25°C-30 , C(Cl9^ 
U (Fh'-^SnO,, 10Q/D) 4* 
V-FS2 2. giS®€r7^-K@2 liOr*©*W 
^2 3{C»L//c. B(C, 60lnVcln , ©mS?«ift*800fWB 

BXU7C. *©S»«affi±fcttioto m«T©S©39S 
30 *«^<»aEi/rc>te. 

[0052] m,»r . m&w 1 ifsiiicc^ 3 icmtmib 
Hoc j: 4 »{klilfiMWtia©WKtltK4ffi I > r MS 4 
tfo/c. *T, ^m^l 7CCH^^7cSl£; : f 1 3©* 
KS«SK*JKs8l/fc««l 14«J#LfcSffi^;u^-l 
2£|ggU #^#A5-f>A 1 4«BHR//^*. 
IA7-f>B 1 5«7;U:0#*£ijiEA3tf5©{CJBt,> 
fc, JSIB* 1 3"*>©#X£#XgfSt7 01 6J; 

40 [0 053] ^{C. tiXmA? -OA 1 4 fcilLTi^i 
*"X4SA3-I±. -e©*+ 'J7^X©SAfi : &100ml/(ii 
i nfC W& b It. C ©^fF-CStE* 1 3 rt©«*aE* 10 
0Pa«:flM*W*4 J: 5 (c^/^Sf»5 -O 1 6 J: K) %m\ 

Bl 5 4fflL/r7^^>^XiJgCEl : l 3(C?iA3lf. 
SISS 1 3 rt©gt*#E£S«>/diE#£ 1 «E«cfii» 
U*4J;WJtfX*A7'fVB 1 5©*f «J7*^»« 

*««Ei/)ifc. 'A(c am* 5 1 7 *ffic»riwria«R 1 1£ 

50 *©«K*TtfCMRl 14Sl»f 13*^^0 
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[0054] monjucS«i lZfE-sEMvmmbtct 

C6. 8«1 lHffi±icH4 (a) . (b){C7jVf«& 
W^bSJettl^tt^fiSEfibri^c^. ^*-c$>Sioo 

t>*6*lfc. C©^©^*SSOilS«20~200nmr 
* <3 . *7cff jfi©##ft«ttifi J: <3 £H#*§.fl©A 3 
=F**>ofc. X- *©MffciHOT#ttJI©ftSai(^30 

cmt* o . -e©7o%t(±«a« 1 1 icttbX6<mi± 

[ 0 0 5 5 ] X, C (D&ftZjvlC Ltisaa, 
E< S0£firtE*t»b3-ttyfclS*. ««SSi* 400*0 
W_h650-CWT. S*^«-C©M*»£E«iflOPaet±iooo 
OPafelT, J5l£ggS©E;>J«iooo Pa« ±100000 Pa«T 
•C. aS200nmOT-CTX^.^ htb*il0Ja±©ft^ 

ft©7CKeU:tt*18 1 1 CC*f LX&&&±iL-oXi,>tc. 

[0056] (hjsct 3 ) mmm 3 ra, nsp^s* 

S-tf/ctflltcoorSiWr*. 03©$¥jt$Sgcttet>-cfl 
1 7 KJglfff 1 3 WC*©Kfc* 1 3 

©*tcffilBfil l*«ftOfc»R**#-l 2*8X1, 

gU £M©SK#Xgf»5^>l 6*B^l/fc. 
[0 05 7 ] Sfc. |g|3-C«El7^L,ri>!Q:t,>*s v JSf&S 

g. S»«*t. BMttttfx. *ffitt#**fc5ie* 1 3 K 

A 1 4tt»SR#X* > *XIA7-{>B 1 5«7Jbn> 
^*jtA3'tt*©{Cffll»fc. SI*. Kltff 1 3 *©# 

[0 05 8] »t»T. ^iA^^>A 1 44iiL/TM 
JR#**S6A$-t*. €•©++ ■;7#*©iiSEAfi ) £:i00ml 
/mi nfcRJE L . C ©&ft THIS* 1 3 rt©K^^E* 1 

1 5£iI0r7JU:J>#XiJ5tc;f:l 3(C»A3#, JS 
B?f rt©U*»E%d»fc«E** 1 «E»cfi^ffl*5 
Jc^tC^WA^-Y^B 1 5©*+ «Jy 
Ltc. 

[0 0 5 9 ] C©*fftDTC. *1\ E§S« 1 1 4500 
•CKMU -K»@©*M*iQ&|||fTofc. c© 
Sfil l^e>i!SASl0nmW±50nmt(T-eTX^ 
t> h tt*Jio(JLhr * & Wl^fttttiJItfiiKft l/TO 
fc. cn?:*lfeB^{cteWS^bffil8^«te B B B ©^^ei5{4 

tcofc. c©b#», ttJb$ft©n*fiflsttoftffi&a*n 

O'/cirfTfcofc. 

[006 0] r«»B©«WHi*tf ^**cffi«S 
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#*#«7-f>l 6Jr»)SWlU JgCfcf 1 3rt©«E* 
*lPaKT*rJt^»l/te. X> *X#A7-(>A1 
4 4rilOTKJR#X£iifcA3-|*> *©* + 'J7#X©«J 
A*£lOOml/minK:f8:5£U C ©^frrSlSW 1 3F*9© 
ll*»E*M00PaK;fi»ia*4J:5tc#xSF«v-f > l 

[0 06 1 ] COttlT, ^«A7-f>B 1 5£ilt 

■C7;i>=f>*j"at>5it?»i SKttAStt. Kltfil 3rt 
©M*aE4£»fc«E#<& 1 «E(cfi^Fffl** J: 5 (c 

io ^/xaiA^^^B i 5©*+yr^iifea*aBSi/fc. 

t©s?!#©TTffi$81Sl 14600*Cfc(SSL> :SBI 
©$«aif£ IKSfBHto/c. C©&. *©S£*WC1» 

[0 062] m*)tHbtcM$8fo 1 1 *FE-SEMt?«^U/c 
t C 5, mm 1 1 $IK»14 ( a ) , ( b ) Kmt 

Jl©it?l«20-200n mX$> V . tgxiff ifi©##ft»tt 
i£J:9$tmP a ©A3«^PA*>-?7£. X. *©mts 

isit«*s H i l ©fi3«5~2owmr*o. -e-©7o%ii<Ji« 

20 ££l lK#LT60S!£U:4oTl>fc. C©B#B. £j| 
J&fi©&HtegMa©«ffiffiS# 1 0 Vcm' f^ifc, 
[ 0 0 6 3 ] X> C ©*ff *7GtC LT-&Pgg©«iI 

fcisft. mmumt5oo'm±55o'mr, mm&^xo 

^^•E«lPaia±10Pa«T. JglEg!S©E*BlOOO Pa 
JiLhiooooo PaJWTr. iSS*5ion m«±50n mWTr 
T x ^ ^ h tWMW±©*»f ttBlY bffiMffttlSJI*i» 6 

ti> commmtffi&m&ui o , /cm , «±i o 

30 [0 064] «i>T» rSBB©«Wiafctf -afclUR. 
i[a200nmfe<Tr7X^9 Hb*iioW±©^T*K{b 
ffitt#H*IS*W»6ftA:. C©B#, ^©*g[il 0'/cm 
'«±1 0 ,, /cm , «Tr*ofc„ X. ^©BKbffiiatHA 
ifeal© 70% W±{**« 1 1K# t T 60g«±5 o X^ 
7c 0 (SO. Z«»B©«MHlCCistf5*frtt±'C«ta© 
ZJSPi@©IMiffi^« : <b|olD-C*^ 0 
[0 06 5] (3HMI4) Uttm-CI*. 
{b£!6ifKISa«H 5 ©GraetzelS©3fc«3a»8gCtffl 

40 r. nMmzmmcmm&iivzm® (fk-^so 

q. 10Q/D) Kfto#tcJ:*)ffi«&*l*3l5)«0. -e© 

^©•fe^asKffiai,. pii^b^ @5©««#ts«5 

4K#l6-ra. C«)»E*IBR^^*l00scai«tL.«c*i 
6450°C. 1 ^FB]7--^4m^80°C*-C|i$aO/Co 
[0 066] C©»«4Kf3ffiLSK*i*S0T3&S6i& 
^^{CRilS^r A€>Ru((bipv)(C00H) i ), (SCN), 
1*A:3KBxiry-;Hli(cjtLr3Q»|IIHSWOte. *©^ 

so ». mtmmmaamica.ttwi9Mbit. c©e 
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Stt05 <Dib®.im 5 2 CCfB^f S„ 

[0067] ztmtbt. mmkuv* (ff- 

7'SnQ,, 10Q/D) ±££££1 n m*^ v Z&mitc 
fc'iTo/c. C©i§&. *HIiL-C©iimtt#5*«, % 

trapropylamnonium iodide (0.46M) (0.06 
M) „ i§S&(iethy1ene carbonate (80vol%) iacetonitr 

iie (2ovon> com^m ( 05 ©meatus 3 tcta 
C0068] tmmtb-cnmm2onm<D7i-f-~ 

[006 9 ] *m<MMt&IMmii8iR.V*<D 

urea*. 

[0 07 0] 

ftffiiafmttll££SS©g«±^g3i*.2>c 

* > (S3 X r TBWtiEtt«-tt«iJl*fWr SCiAiT? 
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[0K©ffi3iftIBBJ] 

a*. 

[02] tJMKffSaiaab^&ofmWD^ft^ 

tia?**. 

[S3] *ft9J®lNI3EtttH^J(®SW^Kffli,>& 

*ji»g©0il£;K-f 0-c* S„ 

10 ©#J£7jrf0-c*£„ 

[05] *ITO<Dtt<b3EIS*HraA£m>fc£*&ft& 

1 1 s« 

1 2 **#*$r- 

1 3 mm 

15 iiXMKv-i^-B 

16 #xses^-t> 

20 2 1 

2 2 #7- Fffi 
2 3 S»??S(«>o*?g) 
2 4 fc*-~#- 
25 v>h^t-$- 

4 1 mtaaotttttSA 
5 1 wcmBmskSk 

5 2 ftftttUI 

53 *mftsn 

54 iwtn 

30 5 5 Hffifft»«i 



[02] 



[03] 




24: tf-*- 



22:*V-K« 
26:VVHUfc-*- 




14:tfXWA5-f>A 



12:S<S*/l*- 
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